We compute single inclusive hadron production in proton-proton and proton-nucleus collisions consistently within the CGC framework. The parameters in the calculations are obtained from electron-proton DIS and standard nuclear geometry. We obtain a good description of the DIS data without an anomalous dimension in the initial condition of the BK evolution and get a good agreement with the available single inclusive proton-proton and proton-nucleus data.
Introduction
The proton-nucleus run at the CERN Large Hadron Collider has produced many interesting results about particle correlations [1] , multiplicities [2] and nuclear suppression in charged particle spectra [3] . As it is expected that a significant amount of quark gluon plasma (QGP) is not created in these collisions, it is possible to study initial state cold nuclear matter effects by analysing the proton-nucleus data. Good understanding of the initial state physics is crucial for the correct interpretation of the heavy ion results where the properties of the QGP are studied.
In collider experiments at high energy the structure of the scattering hadron (proton or nucleus) is probed at small Bjorken-x. In this region the gluon densities are large and non-linear phenomena, such as gluon recombination, become important. A convenient way to describe these effects is provided by the Color Glass Condensate (CGC) effective field theory that has been shown to agree well with the available small-x data, see e.g. Refs. [4] [5] [6] [7] . For a recent review of the CGC phenomenology, we refer the reader to Ref. [8] . Because the gluon densities scale as A 1/3 , the non-linear phenomena are enhanced when the target is changed from a proton to a heavy nucleus. The p+Pb run at the LHC allows us to probe the non-linearly behaving QCD matter in a kinematical region never explored so far.
Deep inelastic scattering baseline
The structure of a hadron can be studied accurately in deep inelastic scattering (DIS) where a (virtual) photon scatters off the hadron. Precise measurements of the proton structure at HERA have been a crucial test for the CGC, and recent analyses have confirmed that the CGC description is consistent with all the available small-x structure function data, see e.g. Ref. [9] . In this work we compute, as explained in more detail in Ref. [10] , single inclusive hadron production in proton-proton and proton-nucleus collisions consistently within the CGC framework. As an input we use only the HERA data for the inclusive DIS cross section and standard nuclear geometry.
The H1 and ZEUS collaborations have measured the proton structure functions F 2 and F L and published very precise combined results for the reduced cross section σ r [11] . The structure functions are related to the virtual Table 1 : Parameters from fits to HERA reduced cross section data at x < 10 −2 and Q 2 < 50 GeV 2 for different initial conditions. Also the corresponding initial saturation scales Q 
Here
is the photon light cone wave function describing how the photon fluctuates to a quark-antiquark pair, computed from light cone QED.
The Bjorken-x, or equivalently energy evolution of the dipole-proton amplitude N is given by the BK equation, for which we use the running coupling corrections derived in Ref. [12] . The initial condition for the dipole amplitude is a non-perturbative input, for which we use a modified McLerran-Venugopalan model [13] 
where we have generalized the AAMQS [9] form by also allowing the constant inside the logarithm, which plays a role of an infrared cutoff, to be different from e. The other fit parameters are the anomalous dimension γ, the initial saturation scale Q 2 s0 , proton transverse area σ 0 /2 and the scaling factor C 2 of the QCD scale Λ QCD in the expression of α s , see Ref. [10] .
The unknown parameters are obtained by performing a fit to the HERA combined structure function data. We consider the standard MV model, where we set γ = 1 and e c = 1, and compare with the MV γ model (where γ is a free parameter, fitted in Ref. [9] ) and the MV e parametrization where γ = 1 but e c is free. The two modified parametrizations give a much better fit to the HERA σ r data, see Table 1 .
Single inclusive hadron production in CGC
The gluon spectrum in hadron collisions can be obtained by solving the classical Yang-Mills equations of motion for the color fields. When computing the production of the high-|p T | hadrons it has been shown numerically [14] that this solution is well approximated by the k T -factorized formula [15] dσ dyd 2 
where ϕ p is the dipole unintegrated gluon distribution (UGD) of the hadron and b T is the impact parameter. In collisions where |p T | is much larger than the saturation scale of one of the colliding objects (e.g. in proton-proton collision at forward rapidity) one can derive the hybrid formalism result dN dyd 2 
where xg is the standard collinear factorization gluon distribution function satisfying the DGLAP equation andS (p T ) is the Fourier transform of 1 − N.
In Fig. 1 we show the single inclusive pion and charged hadron production yields and compare our results to the RHIC data. All initial conditions for the dipole amplitude give basically the same invarian yield, but a normalization 
Figure 1: Single inclusive π 0 and negative hadron production computed using MV, MV e and MV γ initial conditions compared with RHIC data from STAR [16] , PHENIX [17] and BRAHMS [18] collaborations. 
Figure 2: Single inclusive π 0 production computed using MV, MV γ and MV e initial conditions at √ s = 7000 GeV compared with ALICE π 0 [19] and CMS charged hadron data [20] .
factor K ∼ 2.5 is required in order to match the data. As we have consistently used different proton areas (inelastic proton-proton cross section σ inel and proton size in γ * p collisions σ 0 /2) in the calculations, the K factor tells how much the LO CGC result differs from the data. Comparison with the midrapidity LHC data is shown in Fig. 2 . Now the standard MV model clearly disagrees with the p T slope, and MV γ and MV e results are basically identical. No K factor is required when comparing with the LHC data.
Proton-nucleus collisions
In order to describe proton-nucleus collisions we need the dipole-nucleus amplitude N A . Due to the lack of small-x DIS data, we can not perform a similar fit as with the proton targets. Instead we generalize the dipole-proton amplitude N for nuclei using the optical Glauber model and write the initial condition for the BK evolution as
where
is the total dipole-proton cross section and T A is the Woods-Saxon distribution. In order to satisfy N A (r T , b T ) → 1 at large dipoles we use here a linearized version of the dipole amplitude N from Eq. (2). The BK evolution would cause the dipole amplitude to evolve rapidly at the dilute edges of the nucleus causing an unphysical growth of the nuclear size. In order to obtain a reliable estimate for the contribution to the particle production from the edges of the nucleus we approximate the differential yield from the edges as dN pA = N bin dN pp , which is equivalent to imposing R pA = 1 at large impact parameters.
In Fig. 3 we show the nuclear suppression factor R pA computed at different centrality classes and compare with the minimum bias ALICE data [3] . We get explicitly R pA → 1 at midrapidity and large transverse momentum, and our results are consistent with the ALICE data. In Fig. 4 we show the R pA for 3 GeV neutral pions as a function of rapidity. Close to midrapidity we use the k T factorization from Eq. (3), and the hybrid formalism is used at forward rapidities. The evolution speed is given by the BK equation, and thus the rapidity evolution of R pA is a solid prediction of the CGC. : Rapidity dependence of the nuclear modification factor R pA for |p T | = 3 GeV neutral pion production at most central and minimum bias collisions.
